Abstract-System state monitoring is crucial in order to maintain the system security, reliability and quality of a power system. Considering the limitation of monitoring devices in distribution network, state estimation technique could be employed. State estimation is an action of appraising an unknown system variables based on limited number of realtime measurements. The main objective of this paper is to find the suitable state estimation that able to estimate the state of the islanded distribution network. In this paper, state estimation for a distribution network is developed and enhanced by incorporating composite load model. By incorporating this model, the calculated state variables of the network will be more accurate (to obtain the most practical value of the system state variables). Moreover, the proposed state estimation results are compared with backward-forward sweep load flow technique to justify the system state variables.
I. INTRODUCTION
NLINE monitoring in electrical power system is required for operation and control purposes such as load frequency control, voltage control and optimal dispatch power. Power generation, system frequency, voltages and power flows are common data that being monitored in power system network. This data is gathers at the control centre through Remote Terminal Units (RTUs) for real-time monitoring and used for operation and control purposes. An extensive real-time measurement would assist better control of the system. However in practice, measurement devices are very few due to high cost of these equipments. Only selected locations are being monitored, mainly at the critical area such as industrial zone and government administrative centre. The problem of limitation number of measurement equipment can be found in many conventional distribution systems. Very often distribution network is monitored only at the primary substation. Thus, to capture a perfect picture of the network operation seems impossible. One way to address the limitation number of monitoring devices in determining the state condition of a distribution network is by using State Estimation (SE). SE has been introduced to power systems and implemented in steady state condition [1] . SE was implemented to power system in the late 1960's [1] . State estimator could approximate and estimate the power flows (active and reactive power) and voltages at a bus whose measurements are not available. An estimation of the state of a power system requires the measurement of electrical quantities, such as real and reactive power flows in transmission lines and real and reactive power injections at the buses [2] . SE is a data processing scheme to find the best possible values of the state. This implementation is still prevalent today. In the modern Energy Management System (EMS), SE program processes a set of raw measurement data and provides a real-time solution which is the basis of the advanced functions for system security monitoring and control [3] .
SE is based on the mathematical relations between the system state variables and the measurements. The state estimator is used upon to process the available information and provides the best SE of the power system. The ability of the state estimator to achieve a high level of efficiency and numerical robustness is very importance in today's electric utility industry that heavily interconnected with loads. An algorithm must be converged from any starting point, and able to solve in practice both well-conditioned and illconditioned problems. It also should be able to address the limitation number of measurements in the system. One way of solving the limitation number of measurement is by using pseudo measurements. Customer load pseudo measurements are obtained from the historical data, load forecasting or other similar approximation methods in customer side. Hence, a few numbers of real-time measurements in a system is acceptable when using SE.
Various techniques have been used to obtain an SE solution, excellent surveys on SE algorithms can be found in [4] [5] [6] . Two types of data are required for SE; they are the network data and the measurement data. A real-time central control system can be used to improve the security and reliability of electrical power system [7] . In [8] is presented the integrated fuzzy SE and load flow analysis in distribution networks. A fusion method is applied in [9] in order to obtain a more reliable and accurate power system SE. A multi-area SE for distribution network is offered in [10] , where own local SE is executed in each area of the network then, a minimum number of information of border will be shared to perform the SE of the whole network. A SE algorithm based on forward-backward propagation with higher R/X ratio of lines has been presented on [11] . A branch estimation based on SE method, suitable for realtime monitoring of distribution network is presented in [12] . 978-1-4673-0662-1/12/$31.00 ©2012 IEEEThis paper presents enhancement of state estimation method by incorporating composite load model for distribution network application. The composite load model is incorporated to compute an accurate value of active and reactive power of various types of loads such as industrial, commercial and domestic. The proposed Distribution State Estimation (DSE) is based on Weighted Least Square (WLS) method to find and capture a network operation point. A minimum number of real-time measurements as in a practical distribution network are used in the proposed algorithm. Pseudo measurement is utilized in the proposed method to address the limitation number of measurements. The test result on two distribution networks show a significant improvement of the system state in term of overall voltage profiles.
II. PROBLEM FORMULATION OF STATE ESTIMATION
A typical algorithm for SE uses the WLS algorithm that minimizes the sum of the squared weighted errors between the estimated and actual measurements. This method is popular among commercial state estimators. In this method, weights are selected as proportional to the accuracy of the measurements. Hence, measurement with high accuracy will has high weight.
In a power system including distribution and transmission system, the global measurement vector is indicated by Z. For an N-bus power system with m measurements, assume r an error vector to be standard Gaussian that has a zero mean and covariance σ. Let i be the index of the measurements. The measurement equation is formulated in equation (1) By applying the WLS method, it will minimize the objective function as describe in equation (3):
2 is the covariance of the m th measurement error.
The best solution of the state vector X can be achieved by the solution of the following equation. It is calculated to reflect the expected accuracy of the corresponding meter used. 4 Where H(x) is the Jacobian matrix of the measurement function, h(x), which is mentioned in equation (1).
G(x)
is called the Gain matrix; it can be defined and formulated in equation (5) as follow:
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By solving the equation (4) to minimize such errors and find an optimal estimate, system state will be solved, iteratively. In this paper, WLS state estimation, as a mathematical analysis tools and an iterative solution, is presented to filter out such errors and find an optimal estimate of system states in distribution network.
The measurement matrix can be of a variety of most commonly used measurements in the practical system. The line power flows, bus power injections, bus voltage magnitudes and line current flows are common measurements in real power system. The proposed DSE is used the line power flows, bus power injections and bus voltage magnitudes in order to construct the measurement matrix.
Real and reactive power injection, P i and Q i , equations at bus i can be expressed by below:
Where G ij is a line conductance from bus i to bus j in siemens (real part of admittance matrix), B ij is a line susceptance from bus i to bus j in siemens (imaginary part of admittance matrix).
Real and reactive power flow, P ij and Q ij , equations from bus i to bus j can be expressed as follow: The proposed DSE method is based on voltage measurements. The power injection and power flow is computed by using equations (6), (7), (8) and (9) at each buses of the distribution network. Finally, the calculated values are used to construct the measurement matrix (h i ) in order to solve the Equation (4). Since real-time information is very limited in a conventional distribution system, the state estimator cannot attain convergence. Therefore, pseudo measurements are needed to assist convergence of the state estimator for distribution network. The pseudo measurements are used at some buses which measurement not available.
III. INCORPORATING LOAD MODEL INTO STATE ESTIMATION
In a real power system, load values are dependent on the voltage and system frequency. Loads are classified into different categories such as constant impedance, constant current and constant power. Hence, it is very crucial to include these models in SE to produce accurate estimation. For this reason, a composite load model that represents a mix type of load is used in this work. The model is incorporated into DSE by replacing the constant load power that usually used with composite load model based on the following equations: In these equations, P i0 and Q i0 is the nominal power at the rated voltage. However, when using this model, P i0 and Q i0 are normally taken as the values at initial system operating condition. In the proposed DSE, the load values are updated within iteration. Fig. 1 shows the line model of a radial distribution network connected with load i and j at both end of the line. The load value is calculated using equation (10) and (11). In this work, the constant variable of the composite load model is chosen according to the Table I.   TABLE I  THE VALUE OF THE COMPOSITE LOAD  Load Type  c1 and d1  c2 and d2 c3 and 
IV. SIMULATION AND RESULTS
The proposed DSE is tested on two radial distribution networks consisting of 12 buses of 11kV and 69 buses of 12.66kV systems. The proposed DSE uses the one measurement for voltage, active and reactive power flow at the main substation. For other buses, load data is from pseudo measurement, which obtained from historical data and the covariance of this type of measurement is assumed 0.25.
A. Case I
The system configuration of 12 buses is shown in Fig. 2 . The real-time monitoring is at bus number 1. Line data and nominal load data is given in Table II . The magnitude of voltages and angles of each bus are shown in Fig. 3 and Fig. 4 , respectively. In each figure, three results are presented; DSE with and without load model and load flow with load model. The load flow is based on backward-forward sweep method. From Fig. 3 , it can be observed that voltage profile of the DSE with load modelling produces voltage profile close to the load flow voltage profile. Similarly, the phase angle profile also shows the same pattern as in the voltage profile. It can also be observed that the system state accuracy is decreasing as the bus distance moving far from the measurement point. 
B. Case II
In this case, the network configuration is shown in Fig.5 . The complete line data and nominal load data is given in [13] . In this test case, measurement of voltage and power flow is taken at main substation in the network. Meanwhile, 6 measurements of injected power are taken at bus 8, 11, 28, 36, 50 and 53. For other buses, pseudo measurement is applied.
The amplitude of the voltage and angle values in all buses is presented in Fig. 6 and Fig. 7 respectively. Similar pattern can be observed as in the case I, where voltage and phase angle profile of the DSE with load modelling is close to the voltage profile of the load flow. The result in Fig. 7 shows that the voltage magnitude is close to each other for buses where measurement is taken. This pattern can be seen at bus 8, 11 and 53. By comparing the SE with and without load modelling to load flow at bus 61, it can be found that 1.4972% of improvement has been achieved, which is a significant improvement as compared without load model in SE.
Both test cases indicated that the proposed DSE method with load modelling improve significantly the estimated voltage and angle to be close as in load flow with load modelling. This paper proposes an improvement of SE method for distribution system that equipped with minimum number of measurements. The DSE has been incorporated with a composite load model. By having this load model, any type of load in distribution system can be represented and therefore the distribution state estimation result would be more accurate.
The test results on 12 and 69 bus systems have proven that the voltage profiles have been improved significantly by 0.5047% and 1.4972%, respectively. The test result also shows the robustness of the method since it can solve DSE problem with minimum number of measurement. This is an important feature to determine state variable of a distribution system that has minimum number of measurements.
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